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RSWLPDZKLFK UHVXOWV LQ SUHPDWXUH FRQYHUJHQFH 7KH VHFRQG SUREOHPZKLFK 362 LV RIWHQ FULWLFL]HG LV WKDW VRPH
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GLUHFWLRQDQGZLOO WUDS WR WKDWSRVLWLRQDQGFRQVHTXHQWO\ IDOO LQWR ORFDORSWLPXP $OVR LI WKHFXUUHQWSRVLWLRQRI
SDUWLFOHLVIDUIURPWKHORFDODQGJOREDOEHVWWKHQYHORFLW\ZLOOFKDQJHJUHDWO\DQGLWPLJKWUHVXOWLQPRYLQJRXWRI
VHDUFKDUHD>@7RDGGUHVVWKHVHUHODWHGLVVXHVDEDVLFLGHDLVWRNHHSGLYHUVLW\RIORFDODQGJOREDORSWLPD$QDWXUDO
ZD\WRGRWKLVLVSHUWXUELQJWKHVHRSWLPDUDQGRPO\>@,QWKHRULJLQDO362SHUWXUEDWLRQRQO\DSSOLHVWRGLIIHUHQFHV
EHWZHHQFXUUHQWSRVLWLRQDQGJOREDOEHVWRUFXUUHQWSRVLWLRQDQGORFDOEHVWZKLFKUHVXOWLQUHVWULFWLQJH[SORUDWLRQLQ
VHDUFKDUHD7KHUHIRUH>@SURSRVHG(TVZLWKWKHDLPRIZLGHQH[SORUDWLRQRISDUWLFOH%\GRLQJWKLVWKH
SHUWXUEDWLRQVGLUHFWO\DSSOLHGWRWKHJOREDOEHVWDQGORFDOEHVW
9LG Z9LG>USLG[LG@>USJG[LG@

;LG ;LG9LG


:KHUHUDQGUDUHXQLIRUPO\GLVWULEXWHGUDQGRPQXPEHUVLQ>íİİ@ZKHUHİLVDVPDOOSRVLWLYHFRQVWDQW
7KH SHUIRUPDQFH RI WKH DGRSWHG ,362 DOJRULWKP DUH YDOLGDWHG E\ 1XPHULFDO H[SHULPHQWV LQ FRQYHQWLRQDO
EDFNJURXQG DQG 7ULSRG IXQFWLRQ ZDV XVHG DV D EHQFKPDUN WR WHVW WKH DELOLW\ RI QRW WR WUDSSHG LQ ORFDO RSWLPD
+RZHYHULWKDVQRWEHHQGHSOR\HGLQFOXVWHUEDVHG:61VZKLFKLVGRQHE\WKLVUHVHDUFK
(%8&E\,362
(%8& DOJRULWKP DGGUHVVHV KRWVSRW SUREOHP EXW LW VWLOO VXIIHUV IURP WKH VWDQGDUG 362 LVVXHV 7KH DLP RI
GHSOR\LQJWKH,362LQ(%8&LV WRDYRLGWKHUHODWHGLVVXHVRI WKHVWDQGDUG362(%8&DOJRULWKPLVEDVHGRQWKH
URXQGVDQGHDFKURXQGKDVWZRSKDVHVVHWXSDQGVWHDG\VWDWHSKDVH,QVHWXSSKDVHDOOQRGHVVHQGWKHLULQIRUPDWLRQ
WRWKH%6DQG%6UXQV,362DOJRULWKPWRILQGWKHEHVWFDQGLGDWHVIRU&+V6DPHFRVWIXQFWLRQDV362(TLVXVHG
LQ,362ZLWKWKHDLPRIDYRLGLQJKRWVSRWSUREOHP:KHQWKH%6ILQGVWKHEHVW&+VDPRQJDOOFDQGLGDWHVLWZLOO
EURDGFDVWDPHVVDJH WRDOOQRGHV WKLVPHVVDJHFRQWDLQV LQIRUPDWLRQDERXW&+V ,Q VHWXSSKDVHFOXVWHUV IRUPDQG
&+VDUHVHOHFWHG,Q6WHDG\VWDWHSKDVHHYHU\&+VHWVXSD7'0$VFKHGXOHLQRUGHUWRDYRLGGDWDFROOLVLRQDPRQJ
LWVPHPEHUV7KHQHDFKPHPEHUZLOOVHQGLWVGDWDEDVHGRQUHFHLYHGVFKHGXOHWRLWVRZQ&+V&+VZLOOIRUZDUGWKH
IXVHGGDWDWRWKH%6WKURXJKRWKHUQHDUHVW&+V,QWHUFOXVWHUPXOWLKRSURXWLQJZKLFKXVHGLQWKLVDOJRULWKPLVVDPH
DV>@
6LPXODWLRQ(QYLURQPHQWDQGSDUDPHWHU
,Q WKLV UHVHDUFK WKH JHQHUDO SURJUDPPLQJ ODQJXDJH -$9$ LV XVHG DV WKH XQGHUO\LQJ ODQJXDJH IRU WKH
GHYHORSPHQW RI WKH (%8& VLPXODWRU 7KH VDPH SDUDPHWHUV DQG QHWZRUNPRGHO DV XVHG LQ >@ DUH DVVXPHG DQG
GHVFULEHGLQ7DEOH
7KHQXPEHURIFOXVWHUVLVVHWWRRIWKHWRWDOQRGHVVR. 7KH%6ORFDWHGRXWVLGHRIWKHQHWZRUNDW
7KH362DQG,362DOJRULWKPSDUDPHWHUVXVHGDUH4 SDUWLFOHVF F DQGWLPHYDU\LQJLQHUWLDZHLJKW
IURPZ WRZ :HVHWĮ Į DQGĮ 
7$%/(6,08/$7,213$5$0(7(56
3DUDPHWHU YDOXH
%DVHVWDWLRQORFDWHG 
1HWZRUNDUHD PîP
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1XPEHURIQRGH 
7KHGDWDPHVVDJHVL]HLVIL[HGDW E\WHVE\WH
7KHQXPEHURIFOXVWHUVLVVHWWR RIWKHWRWDOQRGHVN 
7KHLQLWLDOHQHUJ\RIQRGHV M
'DWDDJJUHJDWLRQHQHUJ\(' QMELW
(HOHF QMELW
(IV SMELWP
(PS SMELWP

5DGLRHQHUJ\PRGHO
5DGLRHQHUJ\PRGHO IRU VHQVRUV LVDOVREDVHGRQ >@7KHQRGHVKDYHSRZHUFRQWURO FDSDELOLWLHV WRYDU\ WKHLU
WUDQVPLWWHGSRZHU3RZHUFRQWUROFDSDELOLW\LVXVHGLQRUGHUWRPLQLPL]HHQHUJ\FRQVXPSWLRQLQVHQGLQJ
7KHWUDQVPLWWHUHQHUJ\FRQVXPSWLRQLVJLYHQE\
(7[OG (HOHFO(IVOGGG 
(7[OG (HOHFO(PSOGG G 

ZKHUH
OUHIHUVWRQXPEHUELWRIWKHPHVVDJH
GLVUHODWHGWRGLVWDQFHEHWZHHQQRGHZKLFKZDQWVWRVHQGDQGUHFHLYH
G LV WKH WKUHVKROG WKDW GLVWDQFH FRPSDUHZLWK LW DQG LI GLVWDQFH EH OHVV WKDQ WKH WKUHVKROG WKH IUHH VSDFH )6
PRGHOZLOOEHXVHGIRUWUDQVPLWWLQJDVSURSRVHGE\(TXDWLRQ2WKHUZLVHWKHPXOWLSDWK03PRGHOZLOOEHXVHG
DVSURSRVHGE\(TXDWLRQ
(HOHFQMELWLVWKHHQHUJ\XVHGSHUELWWRUXQWKHWUDQVPLWWHURUWKHUHFHLYHUFLUFXLW
(IVSMELWPLVWKHHQHUJ\XVHGSHUELWWRUXQWKHWUDQVPLWDPSOLILHUEDVHGRQGLVWDQFHEHWZHHQWKHWUDQVPLWWHU
DQGUHFHLYHUDQGLWZLOOEHXVHGZKHQGLVWDQFHEHOHVVWKDQWKHWKUHVKROG
(PSSMELWP  LV WKH HQHUJ\ XVHG SHU ELW WR UXQ WKH WUDQVPLW DPSOLILHU EDVHG RQ GLVWDQFH EHWZHHQ WKH
WUDQVPLWWHUDQGUHFHLYHUDQGLWZLOOEHXVHGZKHQGLVWDQFHEHPRUHWKDQWKHWKUHVKROG
7KHUHFHLYHUHQHUJ\FRQVXPSWLRQLVJLYHQE\IROORZLQJHTXDWLRQ
(5;O (HOHFO 
([SHULPHQWDO5HVXOWVDQG'LVFXVVLRQ
(QKDQFLQJ WKH SHUIRUPDQFH RI WKH VWDQGDUG 362 ZKLOH NHHSLQJ WKH PDLQ DGYDQWDJHV RI WKH VWDQGDUG 362
DOJRULWKPVXFKDVVLPSOHIRUPHDV\ LPSOHPHQWDWLRQ ORZDOJRULWKPLFFRPSOH[LW\ ORZFRPSXWDWLRQDOEXUGHQDQG
IHZSDUDPHWHUVDUHLPSRUWDQWLQV\VWHPZLWKOLPLWHGFRPSXWDWLRQUHVRXUFHDQGHQHUJ\OLNH:61V7KLVFDQOHDGWR
LPSURYH SHUIRUPDQFH DQG SURORQJ QHWZRUN OLIHWLPH 7KHUHIRUHZH LPSOHPHQW (%8&E\ XVLQJ ,362 LQ RUGHU WR
HQKDQFH SHUIRUPDQFH LQ WHUPV RI QXPEHU RI DOLYH QRGHV DQG DYRLG WKH VWDQGDUG362 LVVXHVZKLFKPD\ GHJUDGH
SHUIRUPDQFHLQ:61V6DPHFRVWIXQFWLRQDV362LVXVHGLQ,362ZLWKWKHDLPRIDYRLGLQJKRWVSRWSUREOHP
)LUVW(%8&LV LPSOHPHQWHGE\XVLQJ WKHVWDQGDUG362DOJRULWKP WRSDUWLWLRQQHWZRUNV LQWRXQHTXDOFOXVWHUV
(QHUJ\DZDUH PXOWLKRS FRPPXQLFDWLRQ LV DGRSWHG IRU LQWHUFOXVWHU FRPPXQLFDWLRQ ,362 WHFKQLTXH LV WKHQ
UHSODFHGLQWKLVDOJRULWKPLQVWHDGRIVWDQGDUG362LQRUGHUWRDYRLGWKHUHODWHGLVVXHV7KHDGRSWLRQRIWKH,362LQ
(%8&FDQH[WHQG WKHQHWZRUN OLIHWLPHDSSUR[LPDWHO\ZKHQ WKHQHWZRUN OLIH WLPH LVXQWLOQRGHVGLHV
ILJ
7KHGLVWULEXWLRQRI WKHGHDGQRGHRYHU:61 LVDOVRHYDOXDWHGDQG)LJXUH VKRZV WKHGLVWULEXWLRQRIGHDG
QRGHVXQWLOQRGHVGLHIRUWKLVDOJRULWKPDQGDVLWREYLRXVLQWKLVILJXUHXQEDODQFHHQHUJ\FRQVXPSWLRQDQGKRW
VSRWSUREOHPZKLFKLVFUHDWHGQHDUWRWKH%6DUHDYRLGHGDQGGHDGQRGHVDUHGLVWULEXWHGRYHUQHWZRUN
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
)LJ7KHQXPEHURIDOLYHQRGHVFRPSDULVRQIRU8QHTXDO&OXVWHULQJDOJRULWKP
ZLWK362DQG,362XQWLORIQRGHVGHDG

)LJ7KHGLVWULEXWLRQRIGHDGQRGHVXQWLOQRGHVGLHVIRU8QHTXDO&OXVWHULQJDOJRULWKP
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&RQFOXVLRQ
7KHPDLQDLPRI WKLV UHVHDUFK LV WRGHSOR\DQ LPSURYHG362 LQ(%8& LQRUGHU WRQRWRQO\DYRLGKRW VSRW
SUREOHPLQ:61QHWZRUNVEXWDOVRDYRLGWKHVWDQGDUG362LVVXHV'LIIHUHQWDOJRULWKPVDUHSURSRVHGWRLPSURYH
WKH VWDQGDUG 362 DOJRULWKP >@>@ +RZHYHU PDQ\ RI WKHP LQFUHDVH WKH DOJRULWKPLF FRPSOH[LW\ RU WKH
FRPSXWDWLRQDOEXUGHQ7KHUHIRUHNHHSLQJWKHPDLQDGYDQWDJHVRIWKHVWDQGDUG362DOJRULWKPVXFKDVVLPSOHIRUP
HDV\ LPSOHPHQWDWLRQ ORZ DOJRULWKPLF FRPSOH[LW\ ORZ FRPSXWDWLRQDO EXUGHQ DQG IHZ SDUDPHWHUV LV DQRWKHU
LPSRUWDQWIDFWRUZKLFKQHHGVWREHFRQVLGHUHG
7KH SURSRVHG UHVXOWV VKRZ WKDW XVLQJ WKH ,362ZKLFK VWLOO NHHSV WKH DGYDQWDJHV RI WKH VWDQGDUG 362 DQG
DYRLGVLWVUHODWHGLVVXHVLPSURYHGSHUIRUPDQFHLQXQHTXDOFOXVWHULQJ:61DQGOHGWRKDYHPRUHDOLYHQRGHVGXULQJ
URXQGV

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 0&KXL0/RIIOHUDQG55REHUWV7KH,QWHUQHWRI7KLQJV0F.LQVH\4XDUWHUO\QRSS0DU
 $QWKRQ\0DUFXV,RQXW&DUGHL%RUNR)XUKW2VPDQ6DOHP$KPHG0HKDRXD$0RELOH'HYLFH3URWRW\SH$SSOLFDWLRQIRU
WKH'HWHFWLRQDQG3UHGLFWLRQRI1RGH)DXOWVLQ:LUHOHVV6HQVRU1HWZRUNV,QWHUQDWLRQDO-RXUQDORI6RIW&RPSXWLQJDQG6RIWZDUH
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